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2) 利用基于 1H NMR 的代谢组学方法分析了杂色鲍肝胰腺和鳃组织对三丁


















中的泛酸可作为 TPT 或 TBT 暴露潜在的生物标志物。研究结果表明基于 NMR
的代谢组学方法在分析有机污染物暴露后的生化反应方面具有很高的灵敏度和
特异性，为污染物暴露下生物标志物的确定提供了有力工具。 























NMR-based metabolomic analysis of Haliotis diversicolor in 
response to different environmental stressors 
 
ABSTRACT 
In the past decade, metabolomics has been progressing greatly, providing a reliable 
and high-throughput approach particularly feasible for the study of complex biological 
systems. Metabonomics is increasingly applied to investigate the interactions of 
organisms and their natural ecological environment. Recently, this method has been 
successfully applied to environmental assessment and diagnosis of diseases in wild 
animals, becoming one of the vibrant research areas in environmental science. 
Haliotis diversicolor is a commercially important cultured shellfish in southern 
coastal areas in China. H. diversicolor is very sensitive to environmental stress, so it is 
also an important marine model organism for environmental science. In this work, 
metabolomic technique was integrated with correlation and metabolic pathway 
analyses to elucidate the effects of different environmental stressors on H. diversicolor, 
hopefully shedding light on the effects and mechanisms in a holistic and systematic 
mode. The main works are summarized as follows: 
1) 1H NMR-based metabolomic technique was used to investigate the responses of 
muscle and gill of H. diversicolor to thermal and hypoxic stresses. It was found that 
exposure to thermal and hypoxic stresses could not only affect the energy metabolism 
and osmotic balance both in muscle and gill tissues of H. diversicolor, but also 
influence the nucleotide metabolism and the immune system in gill. The obvious 
gender-, time- and tissue-specific metabolic responses were induced by the thermal and 
hypoxic stresses. The results indicated NMR-based metabolomic technique would 
provide a favorable method for studying the animal tolerance and adaptation 
mechanism. 















hepatopancreas and gill of H. diversicolor to TBT and TPT exposures. It was found that 
TBT and TPT exposure not only caused the disturbance in energy metabolism and 
osmotic balance in hepatopancreas and gill tissues, but also induced oxidative stresses. 
The obvious gender- and tissue-specific metabolomic alterations were induced by TBT 
or TPT exposure. In addition, TPT and TBT demonstrated the different modes of action. 
Aromatic amino acids, lysine and glutamate in the gill as well as pantothenate in the 
hepatopancreas might be identified as potential biomarkers for TPT or TBT exposure 
in Haliotis diversicolor. The results indicated NMR-based metabolomic technique 
shows the high sensitivity and specificity to gain insights into the biochemical 
consequences arising upon organic pollutants exposure, thus providing a useful tool for 
the identification of putative biomarkers under the pollutants exposure. 
3) 1H NMR-based metabolomic technique was used to investigate the responses of 
hepatopancreas and gill of H. diversicolor to Vibrio parahemolyticus infection. It was 
found that V. parahemolyticus infection not only caused the disturbance in energy, 
nucleotide metabolism and osmotic balance, but also induced oxidative, immune 
stresses and neurotoxic effect. The obvious gender- and tissue-specific metabolic 
responses were induced. Metabolic responses in female abalones were more obvious 
than in males. The results indicated NMR-based metabolomic technique would provide 
a favorable method for disease diagnosis and monitoring of wild aquatic animals. 
 


































































图 1.1 代谢组学研究典型的流程图 


























































标志物的发现中发挥了十分重要的作用。自上世纪 80 年代起，Nicholson 等[3]就
开始运用 1H NMR 技术分析生物体液来诊断疾病。迄今为止，NMR 技术已被广
泛应用于检测分析各种生物体液、组织提取液和整体器官的代谢组学研究中。虽








此外，运用 13C、31P 和 15N 同位素标记的 NMR 检测还可得出更多组分。这
种检测方法不但可以提供代谢通路的信息，还可用于监测代谢物在时间和空间上
的变化[10]。大分子样品如脂蛋白和脂类会导致 1H NMR 谱上产生许多异常的高
峰或重叠峰，十分不利于谱图中代谢物的归属以及数据分析。然而利用一些特殊
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